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DECLARATION UNDER 37 CFR 1.131 BY JOEL F. HABENER, M.D. 

I declare: 

1 . I, Joel F. Habener hold an M.D. degree from the University of California, Los Angeles. I 
received my M.D. degree in 1965. My current position is Associate Physician at the 
Massachusetts General Hospital and Professor of Medicine at Harvard Medical School. I have 
held the position of Associate Physician since 1989. I have held the position of Professor of 
Medicine at Harvard Medical School since 1989. Previously, I held the position of Associate 
Professor of Medicine at Harvard Medical School from 1975-1988 and also held the position of 
Howard Hughes Investigator fro 1976-2006. I am an inventor of the above-referenced patent 
application. 

2. I have read the Office Action dated March 10, 2006, filed in the above-referenced patent 
application and understand that the Examiner has rejected claims 39-41, 43, 74, 77-79, 81, 83 
and 85-108 for alleged obviousness over WO 00/09666 or WO 02/086107. It is my 
understanding that WO 00/09666 can be applied as of it's publication date of February 24, 2000. 
It is also my understanding that WO 02/086107 can be applied as of it's earliest priority date of 
April 19, 2001. 

3. I initially conceived of the idea that GLP-1 would stimulate neogenesis of beta cells in 



June, 1986. This idea was the basis for California Biotechnology Inc.'s (Cal Biochem) 
establishment of a subsidiary company called Metabolic Biosystems, Inc. (Meta Bio Inc.) for 
which I served as a consultant for several years (see Exhibit E). 

4. In about 1996 my laboratory began to investigate the idea that GLP-1 stimulated 
neogenesis of beta cells. By July 1997, my laboratory had demonstrated that GLP-1 stimulates 
the neogenesis of pancreatic beta cells (see Exhibit E). 

5. The concept of GLP-1 stimulation of neogenesis of beta cells was discussed with Doris 
Staffers and Josephine Egan at the International Congress of Endocrinology/ADA meetings in 
San Francisco in June 1996 (see Exhibit E). 

6. My laboratory began mouse and rat experiments to address whether GLP-1 stimulated 
neogenesis of beta cells at the time of the ADA meeting in Boston in June 1997. These 
experiments are described in an NIH grant application filed on February 27, 1997 (see Exhibit F) 
and in an invention disclosure submitted to MGH CSRL on October 28, 1997 (see Exhibit G). 
Attached herein are laboratory notes from my Senior Technician, Heather Hermann, from July 
1987, that document experiments addressing stimulation of growth of beta cells in vitro with 
GLP-1 (See Exhibit H). 

7. The idea that GLP-1 stimulated the differentiation of new beta cells was premised on the 
concept that the progenitor cells expressed GLP-1 receptors. 

8. In view of the above, the subject matter of claims 39-41, 43, 74, 77-79, 81, 83 and 85-108 
that relates to GLP-1 R positive human pancreatic stem cells was conceived prior to both the 
publication date of WO 00/09666 and the earliest priority date of WO 02/086107. 
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I hereby declare that all statements made herein of our own knowledge are true and that all 



statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 





Joel F. Habener 
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CONFIDENTIAL 

Conception that Glucagon-Like Peptide-1 (GLP-1) Stimulates the Growth of 

Pancreatic fi-Cells 

June 1986: I (Habener) met with Dr. Jeffrey Flier, a co-founder of a then forming new bio- 
technology company, Metabolic Biosystems, Inc. (MetaBio) to be a subsidiary of California 
Biotechnology, Inc. (Cal Bio). I discussed with him my ideas that GLP-1 appears to 
stimulate insulin secretion and may be a growth factor for pancreatic P -cells. Flier and I 
agreed that this was an exciting possibility. The parent patent on GLP-1 had been filed in 
May 1986. I was brought in as a consultant for MetaBio with the intention to examine the 
potential for GLP-1 to stimulate insulin secretion and the growth of new p-cells, and 
thereby to provide a potential treatment for individuals with diabetes mellitus, a disease 
known to be a consequence of an inadequate production of insulin by p-cells. We dis- 
cussed the existing information in the literature indicating that the inadequate production 
of insulin by the pancreas of diabetic individuals is due to a loss of function of p-cells 
and/or a reduction in the mass (numbers) of p-cells in the pancreas. Thus, if GLP-1 were 
to stimulate the growth and production of new p-cells, it would be a very promising po- 
tential therapy for the treatment of individuals with diabetes. This conceptualization of 
the potential for GLP-1 as a treatment of diabetes was clearly in my mind as of June 1986. 
The concept that the GRP encoded in the anglerfish preproglucagon discovered by us in 
1981 and subsequently the orthologous peptide GLP-1 would/may stimulate the growth 
of p-cells in the pancreas was clearly established in 1981-1982. The whole idea that GLP-1 
could be a treatment for individuals with diabetes, and would do so by stimulating the 
growth of new p-cells in the pancreas, was the major, motivating concept behind the deci- 
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sion of Cal Bio to establish a subsidiary company, MetaBio, to examine and develop GLP-1 
as a therapeutic agent to stimulate insulin production, P-cell growth and functions, and 
hence P-cell mass in diabetic individuals. In June 1986 we had obtained initial data that 
GLP-1 stimulates insulin secretion but other hormones, such as glucose-dependent insulb 
notropic polypeptide (GIP) and cholecystokinin had already been shown to stimulate in- 
sulin secretion. Our interest was in whether GLP-1 could stimulate the growth of new p- 
cells in the pancreas. 

7/87-5/ 88 Heather Hermann, a technician in my laboratory, and Habener conduct several 
studies in an attempt to directly demonstrate that GLP-1 stimulates the growth of pancre- 
atic (3 -cells. GLP-1 and other proglucagon-derived peptides are added to cultures of insu- 
linoma cells (p-cells) deprived of serum to arrest cell growth. The cells are pulse-labeled 
with 3 H-TdR and emulsion autoradiograms are prepared to examine rates of incorporation 
of 3 H into nuclei of P-cells, as an index of cellular proliferation. The experiments are tech- 
nically difficult to interpret because the serum deprivation failed to arrest cell division. 
The concept that GLP-1 stimulates the growth of p-cells prevails. We conclude that the 
transformed insulinoma cells are not an adequate model to prove that GLP-1 stimulates p- 
cell growth. 

1993-1994 We and other laboratories discover the transcription factor IDX-1 (PDX-1, 
IPF-1, STF-1) as a major regulator of insulin gene expression and the growth and devel- 
opment of the pancreas and the p-cells. The concept develops in my mind that maybe 
GLP-1 might stimulate the expression of IDX-1 and thereby may stimulate the neogenesis 
(new growth) of p-cells in the pancreas. I was then (and still am) excited by the idea that 
the expression of IDX-1 may be stimulated by cAMP signaling, similar to the transcription 
factor CREB, that we discovered in 1987. IDX-1, like CREB, had a cAMP-dependent phos- 
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phorylation site in the active region of the protein. Phosphorylation of CREB at its site is 
required for activity so I reasoned that IDX-1 activity may likewise depend on phosr- 
phorylation. That is, GLP-1 acts on its cellular receptors to stimulate cAMP signaling 
pathways that may activate the expression of IDX-1, which would then activate the differ- 
entiation and growth of p-cells. We recognized in 1985 that GLP-1 activated cAMP forma- 
tion in p-cells (Drucker et al.). The GLP-1 receptor, cloned by B. Thorens, allowed direct 
confirmation that GLP-1 acts on a GPCR to stimulate the cAMP signaling pathway. The 
conception that GLP-1 would cause p-cells to differentiate and to grow was really firmly 
established and settled in my mind in 1993-1994 because of the discovery of IDX-1, which 
had cAMP-dependent phosphorylation sites in its structure (Lu et al. 1995). It seemed 
clear in my mind that GLP-1 indeed stimulates the neogenesis of (3 -cells. 
June 1995 David Zangen presents a paper at the Eur. Acad. Soc. Diabetes describing 
our collaborative studies with the Joslin Diabetes Center showing that in the regenerating 
pancreas IDX-1 is highly expressed in the duct cells undergoing neogenesis to form new p- 
cells. The duct cells that first express IDX-1 go on to express insulin, indicating that the 
expression of IDX-1 correlates with the differentiation of ductal progenitor cells into the p- 
cells that produce insulin. The paper is submitted for publication to and sequentially re- 
jected by Development and then by PNAS . The paper is now in press in Diabetes . 

9/96-10/96 Habener orders customized matrix assisted delivery (MAD) GLP-1 

pellets from Innovative Research of America, Inc. for implantation in to rats and mice to 
determine whether GLP-1 stimulates p-cell neogenesis, i.e. the differentiation and growth 
of new p-cells in the pancreas. I first called Innovative Research on 9/20/96 to discuss 
custom-made GLP-1 pellets. The experimental plan was to maintain GLP-1 pellet- 
implanted animals for three weeks and then inject the mice/rats with BrdU three hours 
before their sacrifice and to then examine the pancreata by in situ immunocytochemistry 
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with an antibody to BrdU to give an index of cell division rates. The pancreas sections 
were also co-stained with antiserum to insulin so that an increase of BrdU staining and in- 
sulin staining cells in the pancreatic ducts in response to GLP-1 would indicate that a 
stimulation of B-cell neogenesis had occurred. 

These experiments were intended to provide preliminary studies to support my 
competing renewal application of my NTH grant DK30834 "Glucagon Biosynthesis and 
Metabolism." ~, 

1/97 The experiments were completed by Doris Staffers, a postdoctoral fellow in 

my laboratory, who examined the sections of the pancreata from the mice treated with 
implanted GLP-1 pellets for 3 weeks with control mice implanted with dummy pellets. 
For technical reasons the staining with the antiserum to BrdU did not work. The concept 
that GLP-1 stimulates the neogenesis of B -cells still prevails. 

2/28/97 The NIH grant application is submitted. It describes proposed studies with 
Josephine Egan at the NIA in Baltimore. A letter of intent to collaborate with Habener is 
provided by Egan and is appended to the grant application. The studies in the proposed 
collaboration are to determine whether GLP-1 will promote the neogenesis of B-cells in the 
pancreas. 

6/96 At the Endocrine Society Meetings (ICE) held in conjunction with the ADA 

meetings, Habener introduces Staffers to Egan and collaborative studies are discussed to 
determine whether GLP-1 may stimulate B-cell neogenesis and the growth of new B-cells 
in the pancreas. (There are some additional communications between Egan and me that I 
have to track down.) 
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3/97 Stoffers and Egan meet over lunch at the MEEI cafeteria to discuss concrete 

plans of collaborative experiments to determine the effectiveness of GLP-1 to stimulate the 
neogenesis of (3-cells in mice. I was out of town and could not attend this meeting. 

6/97 As agreed upon in the collaborative plan of 3/97 Egan brings the mice that 

were infused with GLP-l by subcutaneous osmopumps and mice that had been injected 
daily with a long-acting GLP-1 agonist, exendin-4, at the NIA in Baltimore, to Boston the 
week of the annual meeting of the American Diabetes Association, held in Boston, June 
1997. On Saturday, June 21, 1997, the mice are sacrificed in my laboratory (Laboratory of 
Molecular Endocrinology) at the MGH. The pancreata are obtained from the mice for 
analyses by Western immunoblot and in situ immunocytochemistry (ICC) using our antis- 
era to IDX-1, insulin, and other islet hormones. 

7/97 Stoffers and I establish that GLP-1 (7-36) and exendin-4 both stimulate the 

expression of IDX-1 in the pancreas on Western immunoblots. Together we view images 
of the ICC on the computer screen and mutually agree that it appears that the pancreata of 
mice treated with GLP-1 agonists show an increased expression of IDX-1 and insulin in 
the epithelial cells of the pancreatic ducts. We also quantitate the sizes of the islets in 
GLP-1 -treated vs. placebo-treated mice (done by a Summer Research Student Jeffrey Rhin 
and show that the GLP-1 has increased islet mass by two-fold. This is exciting because 
these observations indicate that GLP-1 has indeed stimulated (3 -cell neogenesis. The con- 
cept that GLP-1 can stimulate (3 -cell neogenesis, the growth of new p-cells, is completed. 

8^10/97 Mehboob Hussain, a postdoctoral fellow in my laboratory, treats 

AR42J cells with the GLP-1 agonist exendin-4 and shows that the treatment (72 hrs) causes 
an increase in the expression of IDX-1 and the expression of insulin in these cells. These 
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findings clearly indicate that GLP-1 can convert AR42J cells to p-cells that produce insulin. 
The background rationale for doing these experiments is that the AR42J cells were derived 
from a rat pancreatic carcinoma of ductal origin many years ago. The workers in the exo- 
crine pancreas research have defined the AR42J cells as "amphicrine" cells because they 
have latent properties of both exocrine and endocrine pancreas cells. The addition of glu- 
cocorticoids, such as dexamethasone to AR42J cells converts them to an exocrine pheno- 
type as the cells express amylase, chymotrypsin and other markers of exocrine pancreas 
cells in response to dexamethasone. Yet AR42J cells are electrically excitable, as are pan- 
creatic endocrine cells. Then in 1995-96 several laboratories showed that treatment of 
AR42J cells with certain growth factors, such as betacellulin, TGFp, activin A, hepatic 
growth factor could convert the cells to an endocrine phenotype that expresses insulin, 
like p -cells do. 

We reasoned that if GLP-1 induces IDX-1 it (GLP-1) may also induce expression of 
insulin in AR42J cells in response to treatment with GLP-1 agonists. Thus the concept that 
GLP-1 stimulates pancreatic duct cells to turn on the expression of insulin, and thereby 
stimulates p-cell neogenesis, is completed again. The data obtained by Hussain are given 
in the preliminary results section of my resubmission of the amended NIH grant applica- 
tion DK30834 on 10/30/97. 

6-7/97 I (Habener) call Egan and inform her of our promising and exciting results. 

Namely, it looks as though GLP-1 indeed stimulates P-cell neogenesis. 

8/97 Egan comes to MGH and meets with Staffers and me (Habener). We view 

the data together in the Wellman 3 conference room in the Laboratory of Molecular Endo- 
crinology at the MGH. The computer images of the immunocytochemical staining of the 
pancreata from GLP-1 -treated and saline placebo-treated mice are examined together. 
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Stoffers and I point out to Egan the evidence for neogenesis stimulated by GLP-1 treat- 
ment. Egan agrees that it certainly appears from these experiments that GLP-1 stimulates 
the neogenesis of P -cells because the enhanced expression of IDX-1 and insulin in the pan- 
creatic ducts of the GLP-l-treated mice is much more pronounced than is seen in the ducts 
of the saline placebo-treated mice. 

4/28/98 Egan gives a seminar at Endocrine Grand Rounds at the MGH. Egan shows 

data of the results of administration of GLP-1 agonists to mice and the treatment of AR42J 
cells with GLP-1 agonists (exendin-4). The data demonstrate that GLP-1 agonists stimu- 
late the neogenesis of p -cells. This is of concern, because the data were presented by Egan 
as though done independently of us. The data were presented in a non-collaborative 
manner, as if all of the data originated from NIA without collaboration with MGH. It is 
also interesting that the reason Egan was invited to give Endocrine Grand Rounds is that 
Elahi asked me to invite her because she was up for promotion to a fulltime position at 
NIA, a promotion that requires evidence of independence in research, and that having 
been invited to give a seminar at MGH would look good on Egan's CV and may help ob- 
tain the promotion. So I had invited Egan to give this seminar sometime in July or August 
1997. 

Based on data presented by Egan at Endocrine Grand Rounds, Hussain indicates a 
loss of interest in continuing experiments of GLP-1 in AR42J cells that will only serve to 
duplicate Egan's experiments. We understand that the AR42J cell experiments presented 
by Egan at Endocrine Grand Rounds are in press in the Journal of Clinical Investigation. 
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Concept that the transcription factor IDX-1 (PDX-l/STF-l/IPF-1) is instrumental in the 
regulation of insulin expression and required for the development of the pancreas ((3- 
cells) 

Prior to 1994 it was known that GLP-1 stimulates the transcription of the insulin gene, en- 
hances production of insulin in p -cells, and stimulates secretion of insulin, all in a glucose- 
dependent manner. 

1993-1994 (dates depending on how long it took to get papers revised and accepted). The 
Laboratories of Habener, Montminy, and Edlund reported simultaneously that the ho- 
meodomain transcription factor IDX-1 is islet cell-specific and stimulates the expression of 
the insulin gene. 

1994 Mice rendered nullizygous for idx-1 are born without a pancreas~the pancreas fails 
to develop, pancreatic agenesis. Thus IDX-1 is required for not only regulation of tran- 
scriptional expression of the insulin gene but also for pancreas development. Stoffers joins 
my laboratory to do her research training. We learn about a child in Virginia born without 
a pancreas (pancreatic agenesis). Stoffers and I agree to examine the possibility that the 
child without a pancreas may be nullizygous for IDX-1. This turns out to be true. The 
child is homozygous for an inactivating mutation in the idx-1 gene. We then learn that the 
child belongs to a very large extended family. The father and mother of the child are ob- 
viously hemizygous for IDX-1. The father was diagnosed as having diabetes at age 17. 
The mother also has diabetes. Examination of the extended family establishes that all car- 
riers of the mutation in the idx-1 gene have diabetes. Thus, haploinsufficiency in IDX-1 
causes diabetes, and the diabetes is due to a lack of insulin production and secretion. 

Therefore Habener reasons that if insufficiency in IDX-1 expression causes diabetes, 
and absence of IDX-1 arrests pancreas development, and that it is known that IDX-1 ex- 
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pression is restricted to P-cells of the adult pancreas that produce insulin, then IDX-1 may 
be important in the development of p-cells in the adult pancreas. 

Further, and key to the conceptualization, is that GLP-1 stimulates insulin gene ex- 
pression. Therefore GLP-1 may stimulate IDX-1 expression, and IDX-1 expression so 
stimulated may stimulate insulin expression. This is an important concept because the 
process of p-cell neogenesis, that is the formation of new p-cells by their differentiation 
from pleuripotential, or precursor cells in the pancreatic ducts, is believed (by me at least) 
to recapitulate the ontological development of the pancreas. It is well known that during 
embryonic development the pancreas is derived by the differentiation of gut endpdermal 
epithelial cells that become the ducts of the pancreas and then give rise to the exocrine and 
endocrine pancreas (Islets of Langerhans). 

1997 It is shown that mice hemizygous for IDX-1 get diabetes at 4-6 months of 

age. Also CreLox conditional knockouts of the idx-1 gene get diabetes at 3-6 month of age. 
Thus in humans (discovered by us) and in mice, loss of idx-1 expression causes diabetes. 
The diabetes is due to a reduction in p-cell mass and insulin production. GLP-1 is known 
to stimulate insulin production. 

Importantly, it is well known (early 1990s) that GLP-1 binds to receptors on P-cells 
and stimulates the formation of cAMP. GLP-1 increases the levels of cAMP in these cells. 

1997-1998 What controls the pancreas to develop from a small defined segment of the 
gut tube during early embryonic development? It was known that the pancreas develops 
as an evagination of the gut tube at e9.5 from an area of specialized prepatterned endo- 
dermal epithelium. Now we know that this specialized region of the gut tube must ex- 
press IDX-1 and also must not express the important developmental signaling molecule 
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Sonic Hedgehog (SHH). Given these two circumstances in the gut tube, expression of 
IDX-1 and repression of SHH, a pancreas will form. 

Importantly, it is known that cAMP signaling is a potent antagonist to SHH sig- 
naling. 

Therefore, I believe that GLP-1, by acting on receptors in pancreatic duct cells and 
generating cAMP in the adult pancreas, suppresses SHH, and activates IDX-1 expression, 
and thereby is the mechanism by which GLP-1 stimulates the differentiation of duct cells 
into p-cells, so-called neogenesis of P-cells. This process of neogenesis of p-cells in the 
adult pancreas is a recapitulation, a replay, of the embryonic development of the pancreas 
and of p-cells. 

For consideration is my Summary 

The concept that GLP-1 stimulates the growth of new p-cells was established in 
1986 when it was discussed with Flier as a component for development by the newly 
formed company, Metabolic BioSystems, Inc. (Meta Bio). There should be letters, records 
at Scios to document this. Note that in 1986 the company was California Biotechnology, 
Inc. (Cal Bio) that then became Scios, then Scios Nova, then back to Scios again. Meta Bio 
was a subsidiary of Cal Bio. 

The completion of the concept that GLP-1 stimulates the neogenesis of pancreatic P- 

cells probably occurred in 7/97. 
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Islet duodenal homeobox protein 
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ATP-sensitive K + channels 
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Major proglucagon fragment 


MyoD 


Muscle specific transcription factor 


NIDDM 


Non insulin dependent diabetes mellitus 


PACAP 


pituitary adenylyl cyclase-activating protein 


Pan-1 


Transcription factor E47 
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Parathyroid hormone 
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Sulfonylurea receptor 
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Voltage-dependent Ca 2+ channels 
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Vasoactive intestinal peptide 
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The disease non insulin dependent mellitus (NIDDM) is increasing by epidemic proportions in developed countries 
throughout the world. There are an estimated 100 million individuals with diabetes and an equal number who have 
not yet been diagnosed. One important manifestation of NIDDM is impaired and/or dysregulated secretion of the 
hormones insulin and glucagon in conjunction with impaired insulin sensitivity (insulin resistance). Glucagon is a 
catabolic hormone whose physiological actions are counter to those of the anabolic hormone, insulin. Hypergiu- 
cagonemia is a common manifestation of diabetes, increases hepatic glucose output, and worsens hyperglycemia. 
The overall hypothesis being tested in these studies is that the regulation of the expression of the glucagon gene is 
critically important during the switch from fasting (catabolic) to the fed (anabolic) state. The glucagon gene is ex- 
pressed in both the pancreas and the intestine. Remarkably, by mechanisms of alternative post-translational proc- 
essing of proglucagon, the pancreas produces the bioactive peptide glucagon, the anti-insulin hormone important in 
the fasting state to maintain blood glucose levels. In the intestine the bioactive hormone produced is glucagon-like 
peptide-l (GLP-I), an incretin hormone that has potent insulinotropic actions on p-cells of the pancreas, satiety ac- 
tions on the hypothalamus, and possible peripheral actions on adipose and skeletal muscle to enhance glucose 
uptake and on liver to inhibit glucose output. It is proposed that: 1) During fasting, glucagon gene expression is 
tonically elevated due to the low insulin and glucose levels and high neuroadrenergic inputs likely mediated b y 
cAMP-dependent signaling pathways. 2) During feeding, oral nutrients induce intestinal L-cells to release the insuli- 
notropic hormone GLP-I that activates specific cAMP-coupled receptors on pancreatic p-cells and, synergeticaily 
with glucose, stimulates insulin and represses glucagon release and production, respectively. We propose to con- 
tinue our investigations of the mechanisms involved in the transcriptional expression of the glucagon gene. The 
aims are to: (1) examine the potential role of the pou-specific homeodomain protein Brain-4 in the ct-ceil-specific ex- 
pression of the proglucagon gene and as a possible factor in a-cell development; (2) isolate, identify, and charac- 
terize the peripheral GLP-1 receptor expressed on adipocytes. We propose to clone the receptor from a 3T3-L1 ceil 
cDNA expression library, prepare stable cell lines expressing the receptor, characterize the hierarchy of peptide 
hormone binding and the coupling to signal transduction pathways, and investigate the potential role of the receptor 
in diabetes; (3) examine the potential properties of GLP-1 to enhance growth and to inhibit apoptosis of pancreatic 
P-cells. The importance of hormones encoded by the glucagon gene in the maintenance of glucose homeostasis, 
and their potential relevance to the pathogenesis of NIDDM, provides interest in learning more about the controlling 
factors involved in the expression of the gene. 
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tne peripheral GLH-1 H no longer generates cAMP, but rather acts through Ca*\or H or other signaling patnways 
to stimulate lipogenesis and not lipblysis. 

Several lines of investigations of the novel GLP-1 receptor may be productive. One would be to ask 
whether this receptor is also expressed in the liver and muscle, or even brain or islet cells, and to determine the 
tissue distribution of the receptor by using approaches of RT-PCR of tissue extracts, RNase protection assays. 
in situ histohybridization, and immunocytochemistry and Western immunoblqts, such as we did for the pancreatic- 
type GLP-1 R described in our paper P5. One of the first things that we will do is to prepare an antiserum to the 
novel GLP-1 R using a synthetic peptide to a sequence estimated to be just carboxy-proximal to the N-terminal 
signal sequence of the receptor. 

It would be interesting, to investigate the ion channel activities and effects on [Ca 2+ ]; of the ligand-activateci 
receptor in single cells using the patch clamp electrophysiological approaches and fura-2 dual-wave length calcium 
imaging. Ion channel activities could be examined in the L-6 myocytes because they are electrically excitable 
cells. 

If GLP-1 enhances insulin stimulated glucose uptake in cells (3T3-1 adipocytes) as reported by Egan et ai. 
[55], it may do so by enhancing the translocation of glucose transporter-4 to the plasma membrane. This can be 
examined by measuring the change in capacitance of the ceih'n response to GLP-1. 

Another potentially interesting line of investigation might be to determine whether the novel peripheral GLP- 
1 R is upregulated or downregulated in animal models of diabetes. Circulating GLP-1 levels are reported elevatec 
in diabetic rats, as well as in NIDDM subjects (62, 63]. Therefore, increased circulating GLP-1 may contribute to 
obesity in diabetic subjects. If the peripheral GLP-1 R is coupled to signal transduction pathways different from 
the cAMP pathway to which the pancreatic GLP-1 R is coupled it may not desensitize. One might speculate that 
eventual administration of GLP-1 to NIDDM subjects might enhance peripheral glucose utilization, in addition to 
stimulating insulin secretion and inhibiting feeding behavior. 

Another line of investigation might be to examine the cross-talk between the leptin cytokine and the GLP-1 
signaling pathways. Leptin is the obesity (starvation) hormone made in fat that inhibits feeding, increases energy 
expenditure and reproductive processes. Leptin also has receptors on adipocytes (recent Keystone meeting) 
and inhibits insulin-mediated glucose uptake in skeletal muscle (recent Keystone meetings on diabetes and obe- 
sity). Cyclic AMP signaling is well recognized to antagonize cytokine signaling. Since we have recently found 
that leptin inhibits insulin secretion by hyperpolarizing p-celis via opening ATP-sensitive K* (K + -ATP) channels, 
and the leptin receptor (Ob-Rb long form) is coupled to the Jak/STAT and possibly MEKK/ERK cytokine path- 
ways, GLP-1 signaling may act on K-ATP (Kir6.2 or SUR) or on Ob-Rb, or on Jak or STAT to antagonize leptin 
inhibition. Such a cross-talk between GLP-1 signaling and leptin signaling may explain how insulin can be se- 
creted during meals when incretins such as GLP-1 are released and overcome the inhibitory actions of leptin on 
insulin secretion. Further avenues of investigation of the peripheral GLP-1 R would be to examine the gene struc- 
ture and determine whether alternative exon-splicing occurs and modifies receptor activity, examine the promoter 
and identify transacting factors that may be expressed during the differentiation of 3T3-L1 adipoblasts to adipo- 
cytes, thereby activating the transcription of the receptor gene. The physiologic importance of the GLP-1 R can be 
tested by producing mice with a targeted disruption of the gene, as has been done for the pancreatic GLP-1 R by 
Drucker et al., resulting in a phenotype of glucose intolerance. Double transgenic mice may be created by cross- 
ing mice with knockouts of the peripheral GLP-1 R to mice with knockouts of the pancreatic GLP-1 R. 

3. Investigations of potential actions of glucagon-like peptide-1 (GLP-1) on (3-celI differentiation, 
proliferation, and apoptosis 

The hypothesis to be examined is that the long-term administration of GLP-1 may enhance (3-cell mass. 
We plan to administer GLP-1 long-term to streptozotocin diabetic mouse and rat models and to directly test the ef- 
fects of GLP-1 on p-ceil proliferation, differentiation, and apoptosis and thereby to establish whether or not GLP-1 
may be a determinant of (3-cell mass. Three experimental approaches are proposed: (1) The aged diabetic Wis- 
ter rat model (in collaboration with J. Egan, NIH Age Institute); (2) The regenerating pancreas model (in collabora- 
tion with Drs. Gordon Weir and Susan Bonner-Weir, Joslin Research Laboratories) and (3) The transgenic IDX-1 
promoter-LacZ reporter mice that we have generated in our laboratory (Staffers et al., submitted for publication). 
Before describing the details of the experimental approaches, some background and rationale for justifying the un- 
dertaking of these experiments is required. 

The actions of GLP-1 on its receptor, at least in (3-cells, generates high cellular levels of cAMP. Cyclic AMP 
is well known to stimulate the proliferation of many different cell types and to promote differentiation of other cell 
types [reviewed in 120]. Phosphorylated CREB also activates the transcription of the BCL-2 gene, increases 
cellular levels of BCL-2, and rescues apoptosis in B-lymphocytes [126]. BCL-2, the mammalian homologue of the 
nematode protein Ced-9 (c. elegans death protein-9), is a potent universal inhibitor of apoptosis [127, 128] (Fig. 
16). BCL-2 is a 26 kDa protein, located in membranes of the mitochondria and endoplasmic reticulum, that is be- 
lieved to protect against apoptosis by decreasing the net cellular generation of reactive oxygen species (ROS) 
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and lipid peroxidation. Notably, glycation end products are implicated in the generation ot HOs and chronic ny- 
perglycemia enhances the formation of glycation end-products. Furthermore, glycation-dependent ROS appear to 
mediate the suppression of insulin promoter activity in hamster insulinoma (HIT) cells [129, 130]. A number of 
BCL-2 homologs have been identified, including BCL-X L , and BAG-1, and Bad, which promote apoptosis. Cur- 
rent evidence suggests that the ratios of these anti-to pro-apoptotic proteins may play a regulatory role in apop- 
tosis [131]. 

It seems plausible, therefore, that long-term administration of GLP-1 to rat or mouse models of reduced B- 
cell mass and impaired (3-cell function may either stimulate (3-cell proliferation/differentiation and/or inhibit apoptosis 
(Fig. 17). If GLP-1 does have any of these actions, their demonstration would be relevant to the rational for the 
long-term treatment of diabetic subjects, not only those with NIDDM, but also possibly insulin-dependent diabe- 
tes mellitus (IDDM) type I, juvenile diabetes in which the (3-cell mass is severely reduced but in which progenitor 
3-cells located in the pancreatic ducts remain viable. To date, few long-term studies of GLP-1 administration have 
Deen done, particularly studies in which the parameters of (3-cell proliferation, differentiation, and apoptosis have 
been examined. As described in C. Progress Report/Preliminary Studies, 48-hr infusions of GLP-1 to aged dia- 
betic (23 month old) rats results in a marked stimulation of insulin secretion and production and in {3-cell proliferation 
(J. Egan, NIH Aging Institute, submitted for publication). We are planning to collaborate with Dr. Egan to examine 
the effects of the GLP-1 infusions on the expression of IDX-1 in the (3-cells (see letter of intent to collaborate, Ap- 
pendix). It appears that the transcription factor IDX-1 is a positive regulator of insulin gene expression and is in- 
volved in pancreatic development. That IDX-1 is involved in the differentiation of progenitor pancreatic duct cells 
into insulin-producing (3-cells is supported by a collaborative study done with Dr. Gordon Weir at the Joslin Re- 
search laboratories (Zangen ei al., submitted for publication) using the regenerating pancreas rat model following 
partial pancreatectomy. During the first days following 90% pancreatectomy, the pancreatic remnant undergoes 
an intense proliferative phase of the ductal cells followed by the expression of insulin and glucagon as the ductal 
cells differentiate into endocrine cells. In essence, this regenerating pancreas model recapitulates the ontologicai 
development of the pancreas. We have observed a marked increase in IDX-1 and insulin gene expression be- 
tween days 2 and 3, corresponding to the transition from the proliferative to the differentiation phase of regenera- 
tion. These findings support the idea that IDX-1 is involved in the differentiation of ductal progenitor (3-cells to ma- 
ture (3-cells. Further, these initial findings raise the possibility that the regenerating pancreas model may be a 
means to test the hypothesis that GLP-1 and cAMP signaling may stimulate the process of the differentiation of 
ductal progenitors of (3-cells to mature insulin-producing cells. 



Experimental methods 
Long-term administration of GLP-1 to rats and mice 

A proven effective method to deliver hormones to rats and mice is to use implanted mini osmopumps (Alzet. 
Inc.). However, the pumps do get plugged and fail to deliver the hormone, for technical reasons (our observa- 
tions). As an alternativie to osmopumps, we have been experimenting with matrix assisted delivery pellets, pre- 
pared by Innovative Research America, Inc. We provided them with 20 mg of GLP-1 (7-37) which they formulated 
into time-release pellets for our use. The pellets are inserted under the skin of rats or mice with a trochar. The 
pellets deliver GLP-1 for up to 21 days and achieve blood levels of 20-50 pM equivalent to prandial levels. Pla- 
cebo pellets are provided to serve as controls. However, we have not yet thoroughly evaluated matrix-assisted 
delivery pellets for delivery rates and pharmacodynamics. We do have preliminary data on osmopumps that are 
encouraging and they can be used if matrix pellets don't work. We tested both 0.2 ml and 2.0 ml 7-day delivery 
pumps implanted subcutaneously in the nape of 500 gm rats. The GLP-1 (7-37) solutions contained 2 mg (0.2 ml) 
and 10 mg (2.0 ml). At the end of 5 days of GLP-1 administration, the animals were sacrificed. Plasma GLP-1 lev- 
els achieved were 4 ng/ml and 0.8 ng/ml for the 2.0 ml and 0.2 ml pumps, respectively (f 1/2 3-4 min, MCR 1 1 to 
14 ml.min). This rangefinder study allows us to calculate the desired dose of GLP for administration. Normal basal 
and prandial GLP-1 levels are 2 and 10 pM and 10 and 60 pM for the 7-37 and 7-36amide isopeptides, respec- 
tively. We would aim for infusion plasma levels of 50-100 pM (150-300 pg/ml). Thus, the smaller pumps (0.2 ml) 
containing 0.5-1.0 mg GLP-1 (7-37) can be used. 

Creation of streptozotocin diabetic mice and rats 

Streptozotocin is a relatively specific (3-cell toxin, believed to act by specifically compromising the NADH- 
ryanodine, cyclic ADP ribose metabolic system unique to (3-cells. Streptozotocin can be administered at low 
doses to create "NIDDM" models and at higher doses to create "IDDM" models of diabetes. The protocols for 
generating these mouse and rat models of diabetes are well documented [132, 133]. 

Experimental parameters to be evaluated 

The extent of impaired glucose tolerance (IGT) or diabetes in response to streptozotocin will be monitored 
by measuring urine and plasma glucose levels, and by oral glucose tolerance tests [134] in which we will meas- 
ure blood glucose, insulin, and GLP-1 levels. 
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(i) I he cAMP antagonist (Hp camps) also evoked the current, suggesting that the cAMP actions were not meai- 
ated by PKA, but perhaps by the binding of cAMP to a protein, perhaps the Na/Ca-NS. (ii) The elicited current is 
voltage independent and not inhibited by VDCC blockers such as nifedipine and veraparmil or by clamping the 
voltage at -70 to -100 mV at which VDCCs cannot open, (iii) the activation of the current is also totally depend- 
ent on extracellular Na + and Ca + chelators BAPTA-AM or EGTA, suggesting the participation of a NaVCa* ex- 
changer and movement of Ca 2+ from intracellular stores, respectively. Figure 9 provides a model with which to 
evaluate these diverse actions of GLP-1 . Receptor occupancy by GLP-1 activates G sa proteins and stimulates 
adenylyl cyclase, thereby accelerating conversion of ATP to cAMP. We propose that this catalytic process is de- 
pendent on extracellular Na* and that the subsequent binding of cAMP to cyclic nucleotide-reguiated non-selective 
cation channels (or a protein closely associated with the channel) results in channel activation, thereby generating 
l^p. Activation of these channels by cAMP is also proposed to require intracellular Ca 2 \ The rise of [Ca^ which 
accompanies l^p is achieved by stimulation of at least two distinct Ca 2+ signaling pathways. First, the membrane 
depolarization that is a direct consequence of l^p results in activation of VDCCs, thereby raising [Ca 2+ ];. Second, 
a rise of [Ca 2 *]; is observed even under conditions in which the membrane potential is voltage-clamped at values 
(-1 00 to -70 mV) negative to the activation threshold of VDCCs. Although the nature of this additional rise of m 
[Ca 2 ! remains to be determined, it may signify the mobilization of Ca 2+ from intracellular stores, as well as Ca 2 ; in- 
flux via nonselective cation channels and/or membrane transporters (see below). Acting in concert, these Ca 2 " 
signaling pathways are proposed to contribute to the stimulatory actions of GLP-1 on insulin secretion from (3-cells. 

From a functional standpoint, the ability of GLP-1 to raise [Ca 2+ ]j through activation of a signaling system 
and not involving effects on l K ATP has at least one important ramification. GLP-1 augments insulin secretion in 
noh-insulin-dependent diabetics, even under conditions in which the sulfonylurea drugs such as glyburide (which 
inhibits IkATP) fail to stimulate insulin secretion (sulfonylurea failure). This observation suggests that one thera- 
peutic advantage of GLP-1 relative to that of sulfonylureas in the treatment of non-insulin-dependent diabetes is 
that GLP-1 triggers a rise of [Ca 2+ ] jt insulin secretion, and a lowering of blood glucose, even under conditions in 
which sulfonylurea receptors and ATP-sensitive potassium channels no longer play a dominant role in the regula- 
tion of (3-cell stimulus-secretion coupling. Therefore, activation of Ump by GLP-1 may serve as a reserve mecha- 
nism of action, one that complements its previously reported inhibitory effects on l K ATP. This would then explain 
why the glucagon-like peptides retain their biological activity and augment insulin secretion even under conditions 
in which sulfonylureas are no longer effective. 

We also showed that the voltage independent NaVCa 2+ -NS channels are involved in the slow oscillations 
in (3-cells (P8) and are part of the p-cell depolarization mediated by pituitary adenylyl cyclase-activating protein 
(PACAP) (P9). The spontaneous slow oscillations in cytosolic calcium in (3-cells are mediated by voltage- 
independent channels (P8). These observations suggest that the slow oscillations in [Ca 2 l may serve as im- 
portant initiators of insulin secretion under conditions in which tight control of glucose homeostasis is necessary 
such as during the fasting normoglycemic state. It is proposed that PACAP may be important in a neuro-entero- 
endocrine loop regulating insulin secretion during the transition period from fasting to feeding (P9). 

Potential trophic effects of GLP-1 on (3-cell neogenesis and proliferation 

Several lines of evidence suggest the possibility that GLP-1 may have trophic actions on p-cells. GLP-1 
is known to stimulate cAMP formation in p-cells and to stimulate insulin secretion, and also insulin biosynthesis. 
Further, it is known that cAMP is an effective second messenger and stimulates certain cell types to proliferate and 
in other cell types inhibits proliferation and induces cellular differentiation [120]. Essentially all of the studies of 
GLP-1 actions conducted thus far have been short term experiments to demonstrate the insulinotropic actions, i.e., 
to stimulate insulin secretion and to lower blood glucose levels. In preliminary studies with Dr. J. Egan of the Aging 
Institute 48 hr continuous infusions of GLP-1 have been administered by subeutaneously implanted mini os- 
mopumps to aged rats (23 months old). This particular strain of Wister rats develops hyperinsulinemia and glu- 
cose intolerance at about one year and by 18 months develop diabetes akin to NIDDM. The results of initial 
studies of the 48 hr infusions of GLP-1 to aged rats has provided some provocative results. Insulin secretion and 
glucose tolerance (oral) in these aged rats, several hours after the termination of the GLP-1 infusion, was normal- 
ized to that of the younger 6 months old rats with normal insulin secretion and glucose tolerance. Further, by im- 
munostaining sections of the pancreas and RIA of extracts of pancreas, insulin content increased by 2-fold com- 
pared to sham infused control rats. In effect, the 48 hr infusion of GLP-1 converted the glucose/insulin physiology 
of aged rats with impaired (diabetic) insulin secretion to that of normal young rats. Further, preliminary measure- 
ments of the rates of proliferation of (3-ceils in response to the GLP-1 infusions, using immunostaining of the pan- 
creas with an antiserum to proliferating nuclear antigen (PCNA), suggests a stimulation of proliferation. These pre- 
liminary findings suggest the possibility that the long-term administration of GLP-1 may stimulate p-cells neogene- 
sis and/or proliferation and raise the further possibility that the expression of the homeodomain protein IDX-1 or the 
E47 proteins may be upregulated to account for the increase in insulin production. Much more experimentation is 
required to support these preliminary findings (See D. Experimental Design and Methods). However, it is tempt- 
ing to speculate that an eventual long-term treatment of diabetic subjects with GLP-1 may not only stimulate insu- 
lin secretion and peripheral glucose utilization, suppress glucagon secretion and hepatic glucose output, but also 
enhance the formation of p-ceils. 
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GLP-1 IS A TROPHIC FACTOR. 

J. M. Egan, J. Zhou, R. Perfetti, D. ElahL 

NIA, Baltimore, MD.; MGH, Boston, MA. 

Giucagon-like-peptide-1 (GLP-1) is a potential 
candidate for the treatment of type 2 diabetics because 
it normalizes blood glucose levels. We have shown 
that GLP-1 increases intraislet insulin content in 
Wistarrats. This is accompanied by an increase in 
mRNA of insulin, glucokinase and GLUT2 transporter. 
There is a 26% increase in pancreatic weight with 5 
days of chronic subcutaneous treatment with GLP-1 . 
To examine whether an increase in cell turnover occurs 
during treatment with GLP-1 or a potent analog, 
exendin-4, we used proliferation cell nuclear antigen 
(PCNA) as a marker for proliferation of cells. An 
increase in PCNA in the acinar portion of the pancreas 
and in the progenitor pancreatic cells in the ducts was 
observed. Furthermore there was a progression with 
the greatest density in PCNA positivity observed in the 
smallest ducts to the lowest density in the largest ducts. 
Two days of treatment with GLP-1 (LSpmoLkg^.min 1 ) 
or daily injection of exendin-4 (0.5 nmol/kg, IP) 
resulted in glucagon containing cells in the ducts. 
After 6 days of treatment, positive staining for insulin 
was observed in the smallest ducts as well as in small 
nests of cells within the acinar portion of the gland. 
We conclude that GLP-l/exendin-4, similar to what 
has been shown for GLP-2 in the intestine, causes 
differentiation of progenitor pancreatic cells into cells 
containing glucagon and insulin. 
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From: Lossky, Marie 

To: Habener, Joel F 

Cc: 

Subject: RE: New patent 

Sent: 10/18/00 8:04 AM Importance: Normal 

Joel, 

Thanks for the fax. I'll have to get Marv involved in positioning IP protection around this so as not to throw off any of your existing IP 
portfolios. It would be helpful to us if you would fill out the attached invention disclosure form. In particular, what experimental evidence do 
you have to support the hypothesis? How does the hypothesis fit in with prevailing thinking in the field? 

Also, could you please expand/comment on your proposed use of the Gl mice? You mentioned in passing yesterday that you wanted to use 
these animals in some of your stem cell work, and I am not sure which of the following statements (from Exhibit A, the Research authorized 
under the Material Transfer Agreement with Gi) would be relevant: 

1 . Analyze GFP expresion during embryonic development and correlate the findings with results from immunohistochemical 
analyses of PDX protein levels in tissue sections from the same mice. 

2. Use the PDX/GFP and INS/LacZ transgenic mice in stides to determine the effects of islet growth factors, such as GLP-1 , on 
PDX and insulin gene expression in adult mice. 

3. Look for GFP expression in brain sections from PDX/GFP transgenic mice to corroborate and extend intitial findings of PDX 
expression in mouse brain. 

I should remind you that any patentable inventions or unpatentable results that you obtain using these animals are obligated to Gl's parent 
company, American Home Products. This may not be an opportune time to enter into agreements that tie up pieces of your stem cell story, but 
of course the decision to do that is ultimately up to you. 

Thanks. 
Marie 

Invention Disclosure Form.lD+NCD.S.OO.doc 

Marie Lossky, Ph.D. 

Industry Agreement Associate 

Corporate Sponsored Research and Licensing, 

Massachusetts General Hospital 

tel. (617) 726-8629 

fax: (617) 726-1668 
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From: Habener, Joel F 

Sent: Tuesday, October 17, 2000 6:35 PM 

To: Lossky, Marie 

Subject: New patent 

Hi! 

I just faxed the model and the idea of linking the various components of the idea together. 

Joel 
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MGH INVENTION DISrmsr irf i.ywm 



1 7Y7Z.£ OF INVENTION. 



s timul ation of IDX-1 expression and ^J-cell neogenesis 



5? 



2 INVENTOR® NAME, TITLE, LAB, DEPT., AND TEL EXT 



Joel F. Habener, MD 



Professor of Medicine 



Laboratory of Molecular Endocrinology 



6 6950 



M™NT!%r N ™ F ° R ™ WW re >W'*™D IN THE 



A. 



B. 



C. 



Government Grant - Agency and Grant N o. 



Private Industry - Name 



D. 



II. 



MGH 



DK 308 34. DK 30457 



Foundation 



Other - Explain 



How ard Hughes Medica 
Institute " 



INVLNTION DISCLOSURE: Describe the invention in sufficient detail uW 
the outline below to convey a clear understanding of the nature purpo c 
operation and the physical, chemical biological or electrical characterises of the 
invention. Attach sketches, drawings, photos, diagrams or photos, and any 
pertinent manuscript which described the invention: 

A. State in general terms the purpose and object of the 



invention. 



B. Describe the background of the invention and how the invention 
overcomes problems that existed previously. 




Describe the invention in detail, particularly pointing oul novel features and 
critical components. Include sketches, drawings, circuit diagrams if the 
invention relates to a new composition of matter, give the structural 
formulas for all novel compounds, the process for synthesizing or isolatiniz 
the compounds, all available chemical and physical properties and all tcs^ 
data which show the utility and efficacy 0 f the compounds. A copy or 
manuscript of a draft including this information will usually be acceptable 



PUBLICATION, SALE OR USE OF THE INVENTION: 
A Have you described your invention in a publication'' 



YES 



NO 



B If YES, give name and date of publication. 



C Tf NO, what plans do you have for publication in the future? 



Prepare a manuscript in 1-2 monthj 



D. Has your invention been used? When and under what 



circumstances 9 



GLP 1 is under development by NOVO Nordisk to 



treat type 2 diabetic subject: 



E. 



Has your invention been offered for sale? When and under what 
circumstances? 



COMMERCIAL POSSIBILITIES: To the extent know, plca.sc state whether rh 
invention has significant commercial potential. Is the invention primarily a 
research tool? How extensively will it be used bv the public' Does it appear to 
have significant commercial potential outside the United Stated 



It is potential 1v useful e~ 



HISTORY OF THE INVENTION: 

A. When did you first think of (conceive) the invention? 



Date , 6/85 



C. 



When was the first written description or drawing of your invention 
produced? Please attach photocopy of such written description 



Date 



TT7T 



INTERACTIONS WITH THIRD PARTIES: 



B. When did you first disclose your invention to another person' 

(Date [6/85 " | To Whom j Heather H^S 



Have you or any co-inventor(s) listed in (2) above received Biological 
Maienals from any industrial or academic source for use in the research 
wh>ch gave rise to the invention? If so, please list the Material and attach a 
copy of each such Agreement. 



B. 



Have you or any co-mventor(s) listed in (2) above entered into or siened a 
confidentiality or secrecy Agreement in exchange for reccivini; any 
proprietary ^formation from a third party pertaining to the research which 
gave nse to the invention? If so, please describe briefly the subject or the 
confidentiality or secrecy Agreement (s) and attach a copy of each such 
Agreement. 



No 



J 



INVENTOR(S) ' SIGNA TURE(S): 




DATE 



WTNESS(ES): Disclosed to and understood by 
DATE SIGNATURE 



me on: 



3 



4. Diabetes Mellitus affects approximately 16 million people in the USA (100 
million world-wide). Individuals with type 1 diabetes have lost their ability to 



secrete insulin. Individuals with type 2 diabetes have lost their ability to over- 
produce insulin to maintain euglycemia in the presence of insulin resistance. In 
both types of diabetes there is a marked reduction in the mass of P-cells in the 



It is believed that the endocrine panaqeas (p-cells) are derived from 
progenitor cells in the ducts of the exocrine portion of the pancreas. 
Transcription factors have been identified that are involved in pancreatic 



of transcription factors is believed to be regulated by growth factors, otherwise 
known as hormones or morphogens. Glucagon-like peptide-1 is an intestinal 
hormone that is released in response to feeding and stimulates the P-cells to 
make and secrete insulin. GLP-1 is under development as a promising potential 
treatment for type 2 diabetes, because it stimulates the pancreas to make its own 
insulin and it does not over-stimulate insulin secretion because its actions shut 
off when the blood sugar drops to dangerous levels. In addition, GLP-1 is now 
known to control appetite and to induce individuals to loose weight. GLP-1 also 
augments insulin mediated uptake of glucose by the liver, skeletal muscle and 
adipose tissue, thereby improving insulin sensitivity. 

Now we find that GLP-1 stimulates the growth of new (3-cells, the 

neogenesis of p-cells derived from the progenitor cells located in the ducts of the 
exocrine pancreas. GLP-1 also stimulates the expression of the transcription 
factor IDX-1 that appears to be responsible for the initial differentiation of 

precursors into p-cells and to regulate the expression of the insulin gene. 

Thus, we now have evidence that GLP-1 stimulates both the formation of 
new P-cells and stimulates existing p-cells to grow. 



produce insulin due to the immune destruction of their pancreatic P-cells, which 



pancreas. 




development and the stimulation of insulin gene transcription. The expression 




Based on this new evidence, GLP-1 holds promise as a treatment for both 
type 1 and type 2 diabetes, because in both types of diabetes the progenitor cells in 
the ducts are unaffected and can be encouraged to develop and grow, and to 

restore the loss of p-cells mass by the administration of GLP-1. 

We have patents on GLP-1 and IDX-1, but it is unclear whether they 
address this newly discovered property of GLP-1 to induce IDX-1 and thereby to 

stimulate the growth of p-cells and the production of insulin. 



Massachusetts General Hospital 



Date: 
From: 



18-NOV-1997 11:03am GMT 
Glass, David J. 

Glass . David@M3H . HARVARD . EDU@lO 



Dept: 
Tel No: 



TO: Habener, Joel F 



( HABENERJ@A1 ) 



Subject: New Invention (New reference M2H 1277.0) 



Joel: 



I've reviewed the new invention you sent me at the end of October. I 
agree that it seems to overlap somewhat with your earlier patents, but 
it is not clear whether this new use would be patentable with respect to 
the earlier patents. I'm happy to send the new invention to one of our 
attorneys to answer this question, but I think there is a different 
threshold question. The new invention is a new use for GLP-1, and as 
such, can only be practiced by someone licensed under our GLP-1 patents 
(is this correct?) . If so, that means we effectively have only one 
potential licensee for this new invention, the Scios/Novo "team", and we 
should contact them about this new use before going too far down the 
road. Have you told anyone at either company about this new finding? 

Let's discuss how best to proceed. Thanks. 



Eavid 



ATTACHMENT 



ui/ui/99 jlu:o4 r/iA oi' I ct> iooo 



i^l uui/ uu: 



Massachusetts General Hospital 
If" Street, Building 149, Suite 1101 
Charlestons, MA 02129 
Tel.: 617-726-8608 
Fax.: 617-726-1668 




To: Qfrg/ f/O^W^ Fax. & - & 1 5 H 



Company: 


CC: 


Fax: 






Date: 


111 In 




VlStfoStUSts 


Page(s): including cover sheet 






□ Urgent □ For Review □ Please Comment □ Please Reply 



• Comments; 



This facsimile transmittal may contain uifonnalion thai is privileged, confidential or exempt from disclosure under applicable 
law, and is intended for the use of only the individual or department to which it is addressed. If you arc not the intended 
recipient, please notify the sender immediately by telephone or lax al the above number, and destroy this Caxcd rnaierial 
immediately unless directed otiienvise by the sender. Anyone other that the intended recipient is hereby notified that any 
dissemination, distribuiion or copying of this coinimirucaUon is stricUy prohibited. 



DAVID X GLASS, Ph.D. 
Associate Director for Patents 
Office of Technology Affairs 

July 1, 1998 BY FACSIMILE 

Michele Cimbala, Esq. 
Sterne, Kessler, Goldstein and Fox 
11 00 New York Avenue, Suite 600 
Washington, DC 20005-3934 

Re: New Invention Disclosure 

Title; Stimulation of IDX- 1 Expression and p-Cell Neogenesis by GLP- 1 
Inventor; Joel Habener, M.D. 
MGHRef: 1277.0 

Dear Michele; 



Telephone: (817)725-5474 
Telefax: (617)726-1668 
E-mail: grass@helix.mgh.harvard.edu 



Enclosed please find the above-captioned invention disclosure from Dr. Joel Habener, along with 
some e-mail correspondence from last fell and this week describing the invention and some 
current research of Dr. Habener's and others' that may be relevant thereto. 

It is not clear to me from this correspondence exactly what has been published by other groups 
(Dr. Habener has evidemly not yet published his own research). However, Dr. Habener would like 
to explore the possibility of filing a new patent application on this invention, either as a stand- 
alone patent application or as a CIP (or even a continuation or divisional?) to the MGH 213 series 
of cases that is still pending. Please briefly review this material, talk to Dr. Habener as may be 
necessary, and let me know what you think our options are with respect to a possible new patent 
filing. It is not necessary to do a search at this time, although a major concern for me is the impact 
of our prior patent applications on the patentability of this invention, and whether this might 
require that we claim priority from these earlier cases. 

Thank you very much. Please let me know if you have any questions. 



Sincerely, 

^David 1 Glass, Ph.D. 
Enclosure 

cc; Joel Habener, M.D. 
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MASSACHUSETTS 
GENERAL HOSPITAL 




E-mail: jhabener@partners.ore; 
Tel: 617.726.5190. Fax: 617.726.6954 



Laboratory of Molecular Endocrinology 
55 Fruit Street, WEL 320 
Boston, MA 02114-2696 



Joel F. Habener, M.D. 

Professor of Medicine 

Harvard Medical School 

Chief, Laboratory of Molcc.d.ir t : ;.;\v 

Mtis<achit>ett* Genera! Hc<i ■;;.;/ 



Tuesday, April 18, 2000 



QmO P Y 



Marvin C. Guthrie, JD 

Executive Director for Patents and Licensing 

Office of Corporate Sponsored Research and Licensing 

CNY 149.1101 



RE : GLP-1 
Dear Marvin: 

Since the initial submission to you of the extended invention disclosure (October 28, 
1997, enclosed), there has been substantial new discovery on the actions of GLP-1 
agonists to promote the growth of new pancreatic (3-cells and thereby to promote the 
production of insulin, relevant to the treatment of individuals who have diabetes 
mellitus due to a failure of the pancreas to produce insulin in amounts sufficient to meet 
the body's needs. 

The novel findings are that GLP-1 stimulates pancreatic stem cells to differentiate into 
insulin-producing (3-cells and does so by stimulating the expression of the 
homeodomain transcription factor IDX-1 (also known as IPF-1 and PDX-1). GLP-1 is in 
development for the treatment of diabetes by Novo Nordisk, Eli Lilly, Glaxo Welcome, 
Novatis, and Bayer. The first generation GLP-1 drugs are scheduled for marketing in 
late 2002 - early 2003. The MGH holds 4-5 patents on GLP-1 for the treatment of 
diabetes, all of which expire in 2003, 17 years since the filing of the parent application in 
1986. This is the time to file a new patent to extend coverage for GLP-1. The estimated 
worldwide sales of GLP-1 in 2003 are $0.5 - 3.0 billion, depending upon market 
penetrance to displace the use of insulin. This could represent considerable royalty 
income to the MGH, if the MGH is appropriately positioned with regard to patent 
rights. 

At present, Stern, Kessler, Goldstein and Fox are dealing with the GLP-1 patents. 
Banner Witkoff is dealing with the patents on IDX-1 and stem cells. I propose that the 
OTA devise a strategy to combine these efforts to construct a new patent to propose 
GLP-1 stimulates pancreatic stem cells to differentiate into insulin-producing P-cells and 
does so by stimulating the expression of the (3-cell-specific master regulator of pancreas 
development and of insulin gene transcription, IDX-1. 



Partners 



The new data relevant to the construction of a new patent application are: 



1. GLP-1 agonists stimulate the formation of new P-cells in the rat in vivo and 
prevent the occurrence of diabetes in the rat model of type 2 diabetes of partial 
pancreatectomy (Xu et al., Diabetes 48:270,1999). GLP-1 agonists stimulate the 
expression of IDX-1 (Staffers et al v Diabetes, in press, May 2000). Pancreatic islets 
contain pancreatic stem cells (Diabetes, in revision). Pancreatic duct cells contain stem 
cells that can become p-cells (Peck et al., Nature Medicine, April 2000). Delivery of IDX- 
1 to liver converts hepatic stem cells into P-cells that produce insulin (Ferber et al., 
Nature Medicine, May 2000). GLP-1 converts transformed human fetal islet cells into p- 
cells (Levine et al., in press). 

Much of this new fast-breaking information is in press. It is critically important to file a 
new patent application on GLP-1. I hope to receive a response from OTA ASAP. 



Sincerely yours, 



Joel F. Habener, M.D. 




cc: 



David J. Glass, John T. Potts, Jr. 
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EXHIBIT &f 



[ 3 H]TdR Labeling of Islet Cells #2 

Target cells 

Duplicates of everything 

Really confluent and not so confluent 

A. Conditioned media 



HAM INRIG9 - 24 hr. media from relatively confluent plates 

Run target cells overnight in 0.25% BSA and duplicate wells of cells in FBS 
(regular) media 

Remove media and add either: 

1. Conditioned mediajf 

2. Normal fresh FBS media 

3. 0.25% BSA media 
24 hours later add: 

0.1 mCI (0.1 ml) 3 H TdR/ml 
? 0.05 mCI (0.05 ml) for 1 hr. 

B. G$S's 

GLP-I(7-37)10" 7 M 
GLP-II(1-33)10~ 7 M 

Run target cells overnight in 0.25% BSA and duplicate wells of cells in FBS media 



Remove media 

Add back BSA media with: 



1. Nothing 

2. GLP-I(7-37)10" 7 M 

3. GLP-II(1-33)10" 7 M 

4. + regular media (No BSA) 



'tflSeaAtiz hours later add 0.1 mCi/ml [ 3 H]TdR for 1 hr. 
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3H-TdR LABELING OF 1046-38 CELLS 

1. ' Grow cells on slides: 

3 control --media alone 1/ ^/» 7 n * 

x 3 

. 3 espefimental-GLP-K.7-37) 10-£M 
2 esperimentai-GLP-I(7-37) 10-7 M 

2. Transfer to media containing 0.5% FBS and grow (incubate) for 24 hrs. 

3. AddGLP-I(7-37)at 0, 10-& 10-7 M in bioassay buffer ), 0.2 5£ BSA. 

4. Incubate 6-6" hours. 

5. Add 3H-TdR ca. 0.1 mCi per 1-2 mi. i i,r. 

6. Remove 3H media, wash wells well, and fix for autoradiography. 
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